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Description 

[0001] This invention is in the field of integrated cir- 
cuits, and is more particularly directed to output drive 
circuitry thereof. 

[0002] This application is related to European Patent 
Applications Nos. 95308559.4, 95308560.2, 
95308562.8, 95308543.8 and 95308563.6, contempo- 
raneously filed. 

[0003] In modern digital integrated circuits, particular- 
ly those fabricated according to the well-known comple- 
mentary metal-oxide-semiconductor (CMOS) technolo- 
gy, data output circuitry is generally implemented in the 
form of push-pull drive circuits. As is well known in the 
art, push-pull output drive circuits include two drive tran- 
sistors; one drive transistor (the pull-up device) drives 
the output terminal toward the positive power supply 
voltage to effect a logic high level, while the second drive 
transistor (the pull-down device) drives the output ter- 
minal toward ground to effect a logic low level. In CMOS 
circuits, the pull-up device is generally implemented as 
a p-channel MOS transistor while the pull-down device 
is implemented as an n-channel MOS transistor. This 
configuration ensures that no DC current is drawn by 
the output driver. In addition, use of a p-channel pull-up 
device allows the output terminal to be driven fully to the 
power supply voltage, i.e., from "rail-to-rail", as there is 
no threshold voltage drop across the p-channel pull-up 
device (as there would be if the pull-up device were an 
n-channel transistor), 

[0004] Most MOS integrated circuits fabricated over 
the last fifteen years have been powered from a nominal 
5 volt power supply. However, with the advent of ultra 
thin gate dielectric layers used in the fabrication of mod- 
ern MOS transistors, however, many recent integrated 
circuits are powered from a nominal 3.3 volt power sup- 
ply. Since both types of circuits remain available and 
useful in modern digital systems, data must often be 
communicated from a 5 volt circuit to a 3.3 volt circuit 
over communication lines or buses. If all integrated cir- 
cuits in the system were to utilize the same power supply 
bias, rail-to-rail output levels would be not only accept- 
able, but preferred. However, if mixed power supply de- 
vices are incorporated into the same system, care must 
be taken that a logic high level signal driven by a 5 volt 
device does not exceed 3.3 volts, to prevent damage to 
3.3 volt devices receiving such a signal. 
[0005] In such situations, it is desirable for the 5 volt 
device to provide an output high voltage level that meets 
an extremely stringent set of specification requirements. 
These requirements include a minimum logic high volt- 
age level (V OH ) of 2.4 volts and a maximum V OH of 3.3 
volts, while providing 4 mA of source current in each 
condition, considering the specification variations of the 
5 volt power supply the necessity to meet the specifica- 
tion for maximum and minimum output load conditions, 
all over an expected variation in manufacturing process 
parameters. In addition, particularly for integrated cir- 



cuits in high performance systems, it is especially desir- 
able to provide fast switching performance with mini- 
mum overshoot and undershoot (e.g. , with settling times 
of less than 10 nsec), and with minimum circuit output 

5 impedance. 

[0006] According to conventional design methodolo- 
gies, these specification constraints may not be achiev- 
able, for circuits with typical process and voltage varia- 
tions. For a Vqh maximum voltage of 3.3 volts and a 

10 V OH minimum voltage of 2.4 volts, the total operating 
window (i.e., the difference therebetween) is 0.9 volts. 
According to typical modem design parameters, mere 
consideration of the maximum and minimum output load 
conditions (4 mA to 0 mA) translates to a reduction in 

is the operating window of 0.75 volts. Variations in the 
power supply voltage will cause variations in the output 
driver reference voltage, typically generated by a resis- 
tor divider, reduces the operating window by another 
0.30 volts. Minimum guardbanding on the V OH minimum 

20 level of 2.4 volts is typically 200 mV. Accordingly, even 
if one were to ignore the effect of process variations, the 
sum of the operating window reductions due to these 
factors is 1 .25 volts, indicating that a V OH maximum of 
3.3 volts is not achievable with conventional CMOS 

25 technology, even in the best case (i.e., no process var- 
iations). 

[0007] For the output driver that drives a high output 
voltage to less than the power supply level, as would be 
the case for a 5 volt output driver driving a V OH maximum 

30 of 3.3 volts, an n-channel pull-up device may be used, 
and would be preferable due to the greater mobility of 
n-channel MOS transistors relative to p-channel MOS 
transistors. In this case, the gate voltage applied to the 
n-channel pull-up device (to turn it on) must be above 

35 the V OH minimum level by at least the threshold voltage 
of the device.. It will be appreciated that an excessively 
high gate bias voltage on the pull-up device will limit the 
circuit options available for implementing the reduced 
V 0H maximum output driver, While the required gate 

40 voltage could be reduced by either biasing the body 
node of the n-channel pull-up device to its source (i.e., 
to the output pad) or by using an n-channel pull-up de- 
vice with a natural (non-implanted) threshold voltage, 
these options are undesirable, considering vulnerability 

45 of the circuit to latchup (in the case where V BS = 0), and 
the instability and reduced reliability of natural V t tran- 
sistors. 

[0008] The combination of these factors has made dif- 
ficult the design and implementation of output driver cir- 

so cuitry in which the operating window between V 0H min- 
imum and V DH maximum is limited. This difficulty is ex- 
acerbated by performance requirements of high switch- 
ing speeds, and also by noise consideration in integrat- 
ed circuits having as many as eighteen output switching 

ss simultaneously. 

[0009] As will be described herein below, circuitry for 
providing the proper drive to the output terminal to meet 
the V OH maximum of a lower voltage-has been devel- 
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oped. It has been discovered, however, that it is desir- 
able in certain situations to disable the limiting of the 
V OH maximum, such that a full V^. power supply level 
may be driven at the output terminal. 
[0010] A prior document, US-A-51 97033 discloses an 5 
integrated circuit with an internal power supply for com- 
pensating for deviation in operating conditions and man- 
ufacturing tolerance conditions. Different embodiments 
include a pull-up drive transistor having a conduction 
path coupled between a power supply voltage and an 10 
output terminal having a control electrode; 

circuitry for limiting the drive of the puJI-up drive tran- 
sistor responsive to a bias voltage; and 
a voltage reference and regulator circuit having an is 
output node for producing the bias voltage, the reg- 
ulator circuit comprising a differential amplifier with 
current mirror node having a reference leg and a 
mirror leg, the reference leg responding to a target 
voltage to conduct first current, the mirror leg com- 
prising a transistor having a source coupled to the 
power supply voltage in a drain defining the output 
node, the mirror leg conducting a mirrored current 
responsive to the first current and deriving the bias 
voltage at the transistor drain based upon the mir- 
rored current. The bias current source is coupled to 
the reference leg and the mirror leg of the current 
mirror and has an input coupled to a bias voltage 
input terminal for control ling the sum of the currents 
in the reference mirror legs and thus the ability of 
the circuit to source current. 

[001 1 ] It is therefore an object of the present invention 
to provide output driver circuitry that can rapidly switch 
an output terminal while maintaining a relatively small 
operating window for the high logic level output voltage, 
in a selectable manner. 

[0012] It is another object of the present invention to 
provide such circuitry that may be seiectably disabled 
in a special test mode. 

[001 3] It is another object of the present invention to 
provide such circuitry that may be seiectably disabled 
during operation. 

[0014] It is another object of the present invention to 
provide such circuitry that may be programmably disa- 
bled or enabled. 

[001 5] It is another object of the present invention to 
provide a selectable output high level maximum voltage. 
[0016] Other objects and advantages of the present 
invention will be apparent to those of ordinary skill in the 
art having reference to the following specification to- 
gether with its drawings. 

[0017] The invention may be implemented into an in- 
tegrated circuit as an output driver system in which the 
voltage applied to the gate of the pull-up device is set 
at a voltage above the V OH operating window but below 
the circuit power supply. The system includes circuitry 
for generating the proper gate voltage to the pull-up de- 



vice based upon a regulated voltage. The regulated volt- 
age is produced by a combination voltage reference and 
voltage regulator circuit, where the regulated voltage is 
shifted by a threshold voltage to allow the output driver 
to be an n-channel device with its body node back-bi- 
ased. The regulated voltage serves as the bias voltage 
in the output buffer, so that the output voltage of the out- 
put buffer as applied to the gate of the n-channel pull- 
up device is limited. Circuitry is provided for seiectably 
disabling the function, such as in a special test mode, 
responsive to a logic signal, or by way of fuse program- 
ming, to allow multiple high level maximum voltage drive 
capability. Fuse adjustment of the reference voltae may 
also be utilized. 

[0018] According to a first aspect of the present inven- 
tion there is provided an output driver circuit for an inte- 
grated circuit, comprising a pull-up drive transistor, hav- 
ing a conduction path coupled between a power supply 
voltage and an output terminal, and having a control 
electrode; circuitry for limiting the drive of the pull-up 
drive transistor responsive to a bias voltage; and a volt- 
age reference and regulator circuit having an output 
node for producing the bias voltage, comprising means 
for generating a target voltage based upon the power 
supply voltage; a differential amplifier with current mirror 
load having a reference leg and a mirror leg, said refer- 
ence leg responding to the target voltage to conduct a 
first current, said mirror leg comprising a transistor hav- 
ing a source coupled to said power supply voltage and 
a drain defining said output node, said mirror leg con- 
ducting a mirrored current responsive to the first current 
and deriving the bias voltage at said transistor drain 
based upon said mirrored current; a bias current source, 
coupled to the reference leg and the mirror leg of the 
current mirror, having an input coupled to a bias voltage 
input terminal for controlling the sum of the currents in 
the reference and mirror legs and thus the current 
source ability of the voltage reference and regulator cir- 
cuit; and circuitry responsive to a disable signal for se- 
iectably biasing said transistor drain to the power supply 
voltage, and a pull down transistor having a control elec- 
trode coupled to receive said disable signal for simulta- 
neously pulling said input of said bias current source to 
ground. 

[0019] The generating means may comprise a volt- 
age divider. 

[0020] The voltage divider may be fuse-programma- 
ble. 

[0021] The disable signal may be produced respon- 
sive to the voltage at a terminal of the integrated circuit. 
[0022] The voltage may be produced by bonding the 
terminal of the integrated circuit to a voltage. 
[0023] According to another aspect of the present in- 
vention, there is provided a method of controlling a pull- 
up drive transistor according to claim 10. 
[0024] The method may further comprise generating 
the disable signal by programming a fuse circuit. 
[0025] The method may further comprise generating 
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the disable signal by entry into a special test mode. 
[0026] The method may further comprise generating 
the disable signal by bonding a terminal to a voltage. 
[0027] The method may further comprise generating 
the target voltage by way of a voltage divider. 
[0028] The method may further comprise fuse-pro- 
gramming the target voltage by adjusting the voltage di- 
vider. 

[0029] Some embodiments of the invention will now 
be described by way of exampte and with reference to 
the accompanying drawings in which: 
[0030] Figure 1 is an electrical diagram, in block form, 
of an integrated memory circuit incorporating output 
drive circuitry according to the preferred embodiment of 
the invention. 

[0031] Figure 2 is an electrical diagram, in block form, 
of the output drive circuitry according to the preferred 
embodiment of the invention. 

[0032] Figure 3 is a schematic diagram of a voltage 
reference and regulator circuit useful in understanding 
the present invention. 

[0033] Figure 4 is an electrical diagram, in schematic 
form, of a bias current source as used in the voltage ref- 
erence and regulator circuit. 

[0034] Figures 5 and 6 are timing plots of the opera- 
tion of the voltage reference and regulator circuit in the 
absence and presence, respectively, of an offset com- 
pensating current. 

[0035] Figure 7 is an electrical diagram, in schematic 
form, of a dynamic bias control circuit as used in the 
voltage reference and regulator circuit. 
[0036] Figure 8 is a timing diagram illustrating the op- 
eration of the circuit of Figure 7 in an integrated circuit 
memory. 

[0037] Figure 9 is an electrical diagram, in schematic 
form, of a bias current source, including programmable 
bias current levels. 

[0038] Figure 1 0 is an electrical diagram , in schematic 
form, of a voltage reference and regulator circuit accord- 
ing to an embodiment of the invention. 
[0039] As will become apparent from the following de- 
scription, it is contemplated that the present invention 
may be implemented into many types of integrated cir- 
cuits that generate digital output signals. Examples of 
such integrated circuits include memory circuits of the 
read-only, programmable read-only, random access (ei- 
ther static or dynamic), and FIFO types, timer circuits, 
microprocessors, microcomputers, microcontrollers, 
and other logic circuits of the general or programmable 
type. For purposes of description, the preferred embod- 
iment of the invention will be described for the example 
of a memory integrated circuit, as memory circuits are 
contemplated to be often used to provide output data to 
an integrated circuit (such as a microprocessor) having 
a lower power supply voltage. 

[0040] Figure 1 illustrates a block diagram of read/ 
write memory 1 0 in which the preferred embodiment of 
the present invention is implemented. Memory 10 in- 



cludes a plurality of memory cells arranged in memory 
array 1 6. In general, memory 1 0 operates to receive an 
M bit address and, synchronous to a system clock (de- 
noted "CLK"), to output an N bit data quantity. Integers 

s M and N are selected by the designer according to the 
desired memory density and data path size. Selected 
memory cells in memory array 16 are accessed by op- 
eration of address register 12, timing and control circuit 
1 4, and address decoder 1 7, in the conventional manner 

10 and as will be described hereinbelow. Data terminals 28 
allow for communication of data to and from read/write 
memory 1 0; while data terminals 28 in this example are 
common input/output terminals, it will of course be un- 
derstood that separate dedicated input terminals and 

is output terminals may alternatively be implemented in 
memory 1 0. Data is read from the selected memory cells 
in memory array 16 via read circuitry 1 9 (which may in- 
clude sense amplifiers, buffer circuitry, and the like, as 
conventional in the art), output buffers 21 , and output 

20 drivers 20; conversely, data is written to the selected 
memory cells in memory array 16 via input drivers 18 
and write circuitry 17. 

[0041] Address register 12 includes an integer M 
number of address inputs labeled A 1 through A M . As 

25 known in the memory art, the address inputs allow an 
M bit address to be applied to memory 1 0 and stored in 
address register 12. In this example, memory 10 is of 
the synchronous type, and as such the address value 
at address inputs A is clocked into address register 12 

30 via CLK, where CLK is passed to address register 12 
from timing and control circuit 14. Once the address is 
stored, address register 1 2 applies the address to mem- 
ory array 16 via address decoder 1 7, in the usual man- 
ner. Timing and control circuit 14 is also illustrated as 

35 having a generalized set of control inputs (denoted 
"CTRL") which is intended to represent various control 
and/or timing signals known in the art, such as read/ 
write enable , output enable , burst mode enable , chip en- 
able, and the like. 

40 [0042] in this example, memory 1 0 receives electrical 
power from power supply terminal V^, and also has a 
reference voltage terminal GND, According to the pre- 
ferred embodiment of the invention, memory 10 will be 
presenting output data at data terminals 28 for receipt 

45 by another integrated circuit that is powered by a power 
supply voltage lower than that applied to terminal of 
memory 1 0. For example, the power supply voltage ap- 
plied to terminal V cc of memory 1 0 may nominally be 5 
volts (relative to the voltage at terminal GND) while an 

so integrated circuit receiving data presented by memory 
1 0 at terminals 28 may have a power supply voltage of 
nominally 3.3 volts. In order to allow this condition, the 
maximum voltage driven by output drivers 20 of memory 
1 0 at data terminals 28 must be at or near this lower 

55 power supply voltage (i.e., at or near 3.3 volts), to avoid 
damage to the downstream integrated circuit. As will be 
described in detail hereinbelow, the preferred embodi- 
ment of the present invention is intended to provide such 
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limitation on the maximum output high level voltage driv- 
en by output drivers 20 of memory 10. 
[0043] Memory array 1 6 is a standard memory stor- 
age array sized and constructed according to the de- 
sired density and architecture. In general, array 1 6 re- 
ceives decoded address signals from address decoder 
17, responsive to which the desired one or more mem- 
ory cells are accessed. One of the control signals, as 
noted above, selects whether a read or write operation 
is to be performed. In a write operation, input data pre- 
sented to data terminals 28, and communicated via in- 
put buffers 18, are presented to the selected memory 
cells by write circuitry 21 . Conversely, in a read opera- 
tion, data stored in the selected memory cells are pre- 
sented by read circuitry 19 to output buffers 21 . Output 
buffers 21 then produce control signals to output drivers 
20, to present digital output data signals at data termi- 
nals 28. In either case, internal operation of memory 1 0 
is controlled by timing and control circuitry 14, in the con- 
ventional manner. 

[0044] According to the preferred embodiment of the 
invention, memory 1 0 further includes output buffer bias 
circuit 22. Output buffer bias circuit 22 generates a bias 
voltage on line VOHREF that is presented to output buff- 
ers 21 so that the control signals presented by output 
buffers 21 in turn limit the maximum output voltage driv- 
en by output drivers 20 on data terminals 28. As indicat- 
ed in Figure 1 , and as will be described in further detail 
hereinbelow, output buffer bias circuit 22 according to 
the preferred embodiment of the invention is controlled 
by timing and control circuitry 1 4 according to the timing 
of the memory access cycle. 

[0045] Referring now to Figure 2, the construction of 
output buffer bias circuit 22 and its cooperation with out- 
put buffers 21 and output drivers 20 according to the 
preferred embodiment of the present invention will be 
described in further detail. As shown in Figure 2, output 
buffer bias circuit 22 includes voltage reference and reg- 
ulator 24, which produces a regulated voltage VOHREF 
at its output. Output buffer bias circuit 22 further includes 
bias current source 26 which, as will be described in fur- 
ther detail hereinbelow, is controlled by a clock signal 
generated on line C50 by timing and control circuitry 1 4; 
bias current source 26 produces a bias current i B , AS 
used by voltage reference and regulator 24 in generat- 
ing the voltage on line VOHREF. Also according to this 
embodiment of the invention, voltage reference and reg- 
ulator 24 receives an offset compensating current i NULL 
from offset compensating current source 28. Output 
buffer bias circuit 22 further includes V t shift circuit 30, 
which serves to set the voltage VOHREF. The detailed 
construction and operation of output buffer bias circuit 
22 and its respective constituent blocks will be de- 
scribed in further detail hereinbelow. 
[0046] Voltage VOHREF is presented to each of the 
output buffers 21 . As such, output buffer bias circuit 22 
serves multiple ones of output buffers 21; in many cas- 
es, depending upon the number of output buffers 21 , a 



single output buffer bias circuit 22 may suffice to control 
all of the output buffers 21 . Each output buffer 21 re- 
ceives complementary data inputs DATA, DATA*, which 
are generated by read circuitry 19 (see Figure 1). For 

s example, output buffer 21 j receives complementary da- 
ta inputs DATAj, DATAj* (the * indicating logical comple- 
ment). Each output buffer 21 presents control signals 
(shown as PU and PD for output buffer 21 j) to a corre- 
sponding output driver 20. Each output driver 20 drives 

10 a corresponding data terminal 28. White, as shown in 
Figure 1, data terminals are common input/output ter- 
minals, the input side (i.e., data input buffers, etc.) are 
not shown in Figure 2 for the sake of clarity. 
[0047] Each output buffer 21 in this embodiment of the 

15 invention is implemented as an n-channel push-pull 
driver. Referring specifically to output driver 20j, which 
is shown in detail in Figure 2 (it being understood that 
the other output drivers 20 are similarly constructed), n- 
channel pull-up transistor 32 has its drain biased to V w 

20 and its source connected to data terminal 28j, and n- 
channel pull-down transistor 34 has its drain connected 
to data terminal 28j and its source biased to ground. Out- 
put drivers 20 also preferably include electrostatic dis- 
charge protection devices (not shown), as is conven- 

25 tional in the art. The gates of transistors 32, 34 receive 
control signals PU, PD, respectively, from output buffer 
21 . As will be appreciated by those of ordinary skill in 
the art, since V^ (nominally 5 volts, for example) biases 
the drain of pull-up transistor 32, the voltage of line PU 

30 applied to the gate of transistor 32 must be property con- 
trolled to ensure that the maximum voltage to which 
transistor 32 drives data terminal 28j in presenting a log- 
ical one (referred to as V 0H maximum) does not exceed 
the limit (e.g., 3.3 volts). The way in which this limitation 

35 js accomplished according to the preferred embodiment 
of the invention will be described hereinbelow. 
[0048] As is shown in Figure 2, the body node of n- 
channel pull-up transistor 32 is preferably biased to 
ground, rather than to its source at data terminal 28j. It 

40 will be appreciated by those of ordinary skill in the art 
that this body node bias for n-channel pull-up transistor 
32 is preferred to avoid vulnerability to latchup. Howev- 
er, as will also be appreciated, this bias condition for 
transistor 32 will effectively increase its threshold volt- 

45 age, making it more difficult to limit V OH maximum driven 
by output driver 20. This difficulty is due to the higher 
voltage to which line PU must be driven in order to turn 
on transistor 32. The preferred embodiment of the 
present invention, as will be described hereinbelow, ad- 

so dresses this difficulty in such a way as to allow the body 
node of transistor 32 to be back biased (i.e. , to a voltage 
other than that of its source). 

Output buffer 

55 

[0049] The construction of output buffer 21 j as shown 
in Figure 2 will now be described in detail, it being un- 
derstood that the other output buffers 21 are similarly 
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constructed. Output buffer 21 j. receives the data input 
lines DATAj, DATA)* at an input of respective NAND 
functions 40, 42. Output enable line OUTEN is also re- 
ceived at an input of each of NAND functions 40, 42 to 
perform an output enable function as will be described 
hereinbelow. 

[0050] Tne 0Ut PUt of NAND function is applied to the 
gates of p-channel transistor 36 and n-channel transis- 
tor 38. P-channel transistor 36 has its source biased to 
the voltage VOHREF generated by output buffer bias 
circuit 22, and has its drain connected to line PU. N- 
channel transistor 38 has its drain connected to line PU 
and its source biased to ground. As such, transistors 36, 
38 form a conventional CMOS inverter for driving line 
PU with the logical complement of the logic signai pre- 
sented by NAND function 40. However, the high voltage 
to which line PU is driven- by transistor 36 is limited to 
the voltage VOHREF generated by output buffer bias 
circuit 22. Since line PU is presented to the gate of n- 
channel pull-up transistor 32 in output driver 20 Jt the 
voltage VOHREF thus will control the maximum drive of 
pull-up transistor 32, and thus the voltage to which data 
terminal 28j is driven. 

[0051] On the low side, the output of NAND function 
42 is applied to the input of inverter 43 (which, in this 
case, is biased by V^). The output of inverter 43 drives 
line PD, which is applied to the gate of n-channel pull- 
down transistor 34. 

[0052] In operation, with output enable line OUTEN at 
a high logic level, the state of NAND functions 40, 42 
are controlled by the state of data input lines DATAj, DA- 
TAj*, and will be the logical complement of one another 
(since data input lines DATAj, DATAj* are the logical 
complement of one another). A high logic level on line 
DATAj will thus result in a tow logic level at the output of 
NAND function 40, turning on transistor 36 so that the 
voltage VOHREF is applied to the gate of transistor 32 
via line PU, driving data terminal 28j to a high logic level 
(limited by the voltage of VOHREF as noted above); the 
output of NAND function 42 in this condition is high (data 
line DATAj* being low) which, after inversion by inverter 
43, turns off transistor 34 in output driver 20j. In the other 
data state, the output of NAND function 40 will be high 
(data line DATAj being low), turning on transistor 38 to 
pull line PU low to turn off transistor 32; the output of 
NAND function 42 will be low, causing inverter 43 to 
drive line PD high and turn on transistor 34, pulling data 
terminal 28j low. With output enable line OUTEN at a 
low logic level, the outputs of NAND functions 40, 42 are 
forced high regardless of the data state applied by data 
input lines DATAj, DATAj*; as a result, transistors 32, 34 
are both turned off, maintaining data terminal 28j in a 
high impedance state. 

[0053] As noted above, the voltage on line VOHREF 
in this embodiment of the invention determines the drive 
appliedto n-channel pull-up transistors 32 in output driv- 
ers 20. According to this embodiment of the invention, 
therefore, the construction of output buffer 21 in provid- 



ing the voltage VOHREF to the gate of pull-up transistor 
32 is particularly beneficial, as it is implemented with a 
minimum of transistors, and can rapidly switch to effect 
fast transitions at data terminals 28. In addition, no se- 

5 hes devices are required in output drivers 20 to limit V OH 
maximum according to this embodiment of the inven- 
tion, such series devices necessarily reducing the 
switching speed of output drivers 20 and also introduc- 
ing vulnerability to electrostatic discharge and latchup. 

to Furthermore, no bootstrapping of the gate drive to n- 
channel transistor 32 is required according to this em- 
bodiment of the invention, thus avoiding voltage slew 
and bump sensitivity. 

[0054] The construction of output buffer bias circuit 22 
is jn presenting the proper voltage VOHREF, so that mem- 
ory 10 in this embodiment of the invention may drive a 
logic high level to a safe maximum level for receipt by 
Integrated circuits having lower power supply voltages 
wilt now be described in detail, with respect to each of 
20 the circuitfunctions of output buffer bias circuit22 shown 
in Figure 2. 

Voltage reference and regulator with V f shift 

25 [0055] Referring now to Figure 3, the construction and 
operation of voltage reference and regulator 24 will now 
be described in detail, in cooperation with the other el- 
ements of output buffer bias circuit 22. 
[0056] As shown in Figure 3, voltage reference and 

30 regulator 24 is constructed in current mirror fashion. P- 
channel transistors 44 and 46 each have their sources 
biased to Vcc, and have their gates connected together. 
In the reference leg of this current mirror, the drain of 
transistor 44 is connected to its gate, and to the drain of 

35 n-channel transistor48. The gate of n-channel transistor 
48 is connected to a voltage divider constructed of re- 
sistors 47, 49 connected in series between V cc and 
ground, where the gate of transistor 48 is connected at 
the point between resistors 47 and 49 to receive the de- 

40 sired fraction (e.g., 60%) of the V^. power supply volt- 
age. Alternatively, each leg of the resistor divider may 
be constructed of a series of resistors that are initially 
shorted out by fuses; opening of selected fuses can thus 
allow programmability of the voltage applied to the gate 

« of transistor 48. 

[0057] The source of transistor 48 is connected to bias 
current source 26. In the mirror leg of this current mirror, 
the drain of transistor 46 is connected, at output node 
VOHREF, to the drain of n-channel transistor 50. The 

so gate of transistor 50 is coupled to node VOHREF via V t 
shift circuit 30, in a manner that will be described in fur- 
ther detail hereinbelow. The source of n-channel tran- 
sistor 50 is connected to the source of transistor 48 in 
the reference leg and thus to bias current source 26. As 

55 noted above, bias current source 26 conducts a current 
'bias* wn ' ch be the sum of the currents in the refer- 
ence and mirror legs in the current mirror of voltage ref- 
erence and regulator 24 (i.e., the sum of the currents 
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through transistors 48 and 50). The current i B1AS is pri- 
marily produced by n-channel transistor 52 which has 
its drain connected to the sources of transistors 48 and 
50, its source biased to ground, and its gate controlled 
by bias reference circuit 54. As will be further described 
in detail below, according to the preferred embodiment 
of the invention, dynamic bias circuit 60 is also provided 
for controlling the current (bias mav De decreased at cer- 
tain times in the memory access cycle (under the control 
of clock signal C50), to optimize the output impedance 
of voltage reference and regulator 24 for different por- 
tions of the memory access cycle. 
[0058] V t shift circuit 30 provides the bias of the gate 
of n-channel transistor 50 in the mirror leg of voltage 
reference and regulator 24 in this preferred embodiment 
of the invention, to ensure that voltage VOHREF is shift- 
ed upward by an n-channel threshold voltage, consid- 
ering that voltage VOHREF will be applied (via output 
buffers 21) to the gate of n-channel pull-up transistors 
32 in output drivers 21. The way in which this shift is 
effected will be described hereinbelow with the opera- 
tion of voltage reference and regulator 24. 
[0059] The operation of voltage reference and regu- 
lator 24 will now be described in detail, at a point in the 
memory cycle during which output data is to be present- 
ed at data terminals 28. Bias reference circuit 54 
presents a bias voltage to the gate of n-channel transis- 
tor 52 to set the value of i B)AS conducted through the 
current mirror; dynamic bias circuit 60 is effectively off 
at this time. The divided voltage generated by resistors 
47, 49, which is presented as a reference voltage to the 
gate of n-channel transistor 48, determines the extent 
to which transistor 48 is conductive, and thus deter- 
mines the bias condition at the drain of p-channel tran- 
sistor 44. The current conducted by transistor 44 is mir- 
rored by transistor 46 in the mirror leg, and will thus be 
a multiple of the current conducted by transistor 44 (as 
will be discussed hereinbelow). 
[0060] The voltage VOHREF at the drains of transis- 
tors 46, 50 will be determined by the voltage at the drains 
of transistors 44, 48, by the relative sizes of the transis- 
tors in the circuit, and by the effect of V t shift circuit 30. 
As is well known in the art of current mirror circuits, the 
gate voltage of transistor 50 will tend to match that at 
the gate of transistor 48, due to the feedback of the volt- 
age at line VOHREF to the gate of transistor 50, consid- 
ering the differential amplifier effect of voltage reference 
and regulator 24. V t shift circuit 30, however, includes 
transistor 56, connected in diode fashion with its gate 
connected to its drain at VOHREF, and with its source 
connected to the gate of transistor 50, so that a thresh- 
old voltage drop is present between line VOHREF and 
the gate of transistor 50. Transistor 56. is constructed 
similarly as one of n-channel pull-up transistors 32 in 
output drivers 20, particularly in having the same or sim- 
ilar gate length and in having the same body node bias 
(e.g., to ground). N-channel transistor 58 has its drain 
connected to the source of transistor 56, and has its gate 



controlled by bias reference circuit 54, to ensure proper 
current conduction through transistor 56 so that an ac- 
curate threshold voltage drop is present across transis- 
tor 56. 

5 [0061 ] As a result of V t shift circuit 30, the voltage at 
line VOHREF will be boosted from the reference voltage 
at the gate of transistor 48 by a threshold voltage value 
that closely matches the threshold voltage of the n- 
channel pull-up transistor 32 of output drivers 20. This 

10 additional threshold voltage shift is necessary consider- 
ing that the voltage VOHREF will be applied to the gate 
of an n-channel pull-up transistor 32 in output drivers 
20, thus ensuring adequate high level drive. The V, shift 
is effected by circuit 30 in a way that does not increase 

is the output impedance of voltage reference and regulator 
24, particularly in the impedance to sink current through 
transistor 50 in the event of fluctuations of voltage VO- 
HREF caused by switching output buffers 21 . The im- 
plementation of circuit 30 also introduces minimum off- 

20 set voltage into voltage reference and voltage regulator 
24, and requires only two additional transistors 56, 58 
without adding an entire stage. 
[0062] It is of course contemplated that the voltage 
generated on line VOHREF by voltage reference and 

25 regulator 24 may be applied to control the logic level 
high drive of output driver 20 in alternative ways to that 
described hereinabove relative to the preferred ap- 
proach of controlling the source voltage of pull-up tran- 
sistors 36 in output buffers 21 . For example, the voltage 

30 generated on line VOHREF may be directly applied to 
the gate of a transistor in series with the pull-up transis- 
tor in outputdriver20or,in another example, the voltage 
generated on tine VOHREF may be applied to the gate 
of a transistor in series with the pull-up transistor in out- 

35 put buffer 21 ; in each of these alternative cases, the ref- 
erence voltage on line VOHREF limits the drive applied 
to the output terminal. In such alternatives, however, 
one of ordinary skill in the art will recognize that the ab- 
solute level of the reference voltage on line VOHREF 

40 may have to be shifted from that utilized in the foregoing 
description. 

Offset compensating current source 

45 [0063] It is desirable for voltage reference and regu- 
lator 24 to have extremely low output impedance, so that 
substantial current may be sourced to or sinked from 
line VOHREF without significant modulation of the volt- 
age on line VOHREF. As noted above, since the voltage 

so on line VOHREF controls the maximum output high level 
voltage V OH maximum so as not to damage an integrat- 
ed circuit receiving the output logic signals at data ter- 
minals 28 while still providing the maximum output drive, 
it is important that the voltage on line VOHREF remain 

55 steady near the regulated level. 

[0064] In voltage reference and regulator 24, there- 
fore, it is desirable that the drive capabilities, and thus 
the transistor sizes (i.e., ratio of channel width to chan- 
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nel length, or W/L) of transistors 46 and 50 be quite 
large. This large size for transistors 46, 50 will allow volt- 
age reference and regulator 24 to rapidly source current 
(from through transistor 46 to line VOHREF) or sink 
current (from line VOHREF through transistors 50, 52 
to ground). For example, the W/L of transistor 46 may 
be on the order of 1200, the W/L of transistor 50 may 
be on the order of 600, and the W/L of transistor 48, in 
this example, may be on the order of 300. In addition, it 
is desirable that the W/L of transistor 46 be larger than 
that of transistor 44, so that a sizable mirror ratio may 
be obtained, thus increasing the source - current avail- 
able on line VOHREF; further, it is desirable that the W/ 
L of transistor 48 be significantly larger than that of tran- 
sistor 44, for high gain. In the above example, the W/L 
of transistor 44 may be on the order of 60, in which case 
the mirror ratio of voltage reference and regulator 24 
would be on the order of 20. The maximum source cur- 
rent Uuree max wiM be determined as follows: 



* source max ~ l BlAS iai 

In the above example, the maximum source current 
'source max W M' be on tne order of 20 times i B(As . The max- 
imum sink current of voltage reference and regulator 24 
will be equal to i B[AS , which is controlled by bias current 
source 26. In this embodiment of the invention, it will of 
course be appreciated that the source current will be the 
more critical parameter for this embodiment of the in- 
vention, as it controls the turn-on of pull-up transistors 
32 in output drivers 21 . 

[0065] However, since the currents through the refer- 
ence and mirror legs of voltage reference and regulator 
24 are not equal to one another, an offset voltage can 
develop between the nodes at the drains of transistors 
44, 48, on one hand, and the drains of transistors 46, 
50, on the other hand. This offset voltage can be on the 
order of 300 to 400 mV, and will increase with increasing 
'bias- 

[0066] Furthermore, since the W/L of transistor 48 is 
substantially larger than that of transistor 44 and due to 
the diode configuration of transistors 44 (gate tied to 
drain), transistor 44 is unable to rapidly pull the voltage 
at the drain of transistor 48 (and the gates of transistors 
44, 46) high when necessary. For example, when mul- 
tiple ones of output drivers 21 simultaneous switch on 
their respective pull-up transistors 32, substantial 
source current from voltage reference and regulator 24 
is required to maintain the voltage on line VOHREF at 
the proper level. This source current tends to initially pull 
down the voltage on line VOHREF, which in turn will pull 
down the voltage at the drains of transistors 44, 48 in 
the reference leg of voltage reference and regulator 24, 
since transistor 48 will be required to temporarily supply 
most of the current i BULK required by current source 26 



because virtually all of the current conducted by transis- 
tor 46 is directed to line VOHREF. However, because of 
its relatively small, size (for high mirror ratio), transistor 
44 is unable to rapidly pull up the voltage at its drain by 

s itself; if this voltage remains (ow, once the transient de- 
mand for source current is over, the voltage VOHREF 
will overshoot its steady state voltage, because transis- 
tors 44 and 46 will be turned on strongly by the low volt- 
age at their gates. As discussed above, overshoot of the 

io voltage VOHREF can damage downstream integrated 
circuits that have lower power supply voltages. 
[0067] Therefore, offset compensating current source 
28 is provided, to source current 'null ' nto voltage ref- 
erence and regulator 24 at the drains of transistors 44, 

15 48. The size of bias current source transistor 52 must 
therefore be adequate to conduct the additional current 
•null tnat w '" De Prided into the reference leg of volt- 
age reference and regulator 24 beyond the current mir- 
ror; of course, an additional transistor may be provided 

20 in parallel with transistor 52 to conduct this additional 
current. The current i NULL is intended to equate the cur- 
rent per unit channel width conducted by transistor 48 
with the current per unit channel width conducted by 
transistor 50, so that no offset voltage results, as well 

25 as easing the load of transistor 48 on transistor 44, and 
allowing the voltage at the drains of transistors 44 and 
48, and thus at the gates of transistors 44, 46, to be rap- 
idly pulled high when necessary. Overshoot of the volt- 
age on line VOHREF is thus prevented. 

so [0068] Referring now to Figure 4, the construction of 
offset compensating current source 28 will be described 
in detail. In this circuit, offset compensating current 
source 28 is controlled by bias reference circuit 54 in 
bias current source 26 to minimize the number of tran- 

35 sistors required for implementation; of course, offset 
compensating current source may have its own bias ref- 
erence network, if desired. 

[0069] Bias reference circuit 54 is implemented by 
way of p-channel transistor 62 having its source biased 

40 to V^ and its gate biased by a reference voltage PVBt- 
AS which may be generated by a conventional voltage 
reference circuit and used elsewhere in memory 1 0. N- 
channel transistor 64 is connected in diode fashion, with 
its gate and drain connected to the drain of transistor 

45 64. The sizes of transistors 62 and 64 are selected to 
ensure that p-channel transistor 62 remains in satura- 
tion for the specified voltage PVBIAS. For example, for 
a voltage PVBIAS of approximately 2 volts, transistors 
62 and 64 with W/L ratios of approximately 15 will main- 

50 tain transistor 62 in saturation where V^ is nominally 5 
volts. The common node at the drains of transistors 62, 
64 presents a reference voltage ISVR that is applied to 
the gate of transistor 52 in bias current source 26, and 
to offset compensating current source 28. 

55 [0070] Because of the large currents conducted in 
voltage reference and regulator 24, as well as the large 
variations in process parameters and power supply volt- 
ages expected over temperature, it is desirable that the 
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operation of bias reference circuit 54 be as stable as 
possible. The construction of bias reference circuit 54 
shown in Figure 4 provides such stability. In the above 
exampie, simulation results indicate that the ratio of 
maximum to minimum current conducted by transistor 
52 in bias current source 26, using bias reference circuit 
54 to set the gate voltage at node ISVR, over variations 
in temperature, process parameters, and power supply 
voltage, is approximately 1.17. 
[0071] Offset compensating current source 28 
according to this circuit is impfemented by a current 
mirror circuit, in which the reference leg includes p- 
channel transistor 66 and n-channel transistor 68. The 
sources of transistors 66, 68 are biased to V^ and 
ground, respectively, and their drains are connected 
together. The gate of n-channel transistor 68 receives 
the reference voltage at node ISVR from bias reference 
circuit 54, and the gate of p-channef transistor 66 is 
connected to the common drain node of transistors 66, 

68, and to the gate of p-channel transistor 69 in the 
mirror leg, in typical current mirror fashion. Transistor 69 
has its source biased to V a , such that its drain current 
provides the current I^uvl- The re ' ative sizes of 
transistors 66, 69 will, of course, determine the mirror 
ratio, and thus the current i NUUL ; a mirror ratio of on the 
order of 5 will be typical, to produce a current i NULL of 
on the order of 2.5 mA. As noted above, enough current 
capability must be provided for transistor 52 to conduct 
this additional current i NUU _; preferably, an n-channel 
transistor is provided in parallel with transistor 52, with 
its gate controlled by line ISVR, and having a size 
matching that of the mirror circuit of transistors 66, 68, 

69, to conduct the additional i NULL current in a matched 
fashion. 

[0072] Referring now to Figures 5 and 6, the effect of 
offset compensating current source 28 on the operation 
of voltage reference and regulator 24 will now be de- 
scribed, based on simulations. Figure 5 illustrates the 
operation of voltage reference and regulator 24, in the 
case where the current i NULL is zero, in other words, as 
if offset compensating current source 28 were not 
present. Figure 5 illustrates the voltage VOHREF at the 
output of voltage reference and regulator 24, the voltage 
V^ at the common drain node of transistors 44, 48, and 
the output voltage DQ on one of data terminals 28. Time 
to indicates the steady-state condition of these voltages, 
in the case where all data terminals 28 are driving a low 
output voltage. In the steady-state, for example, the volt- 
age VOHREF is preferably at 3.3 volts (the lower power 
supply voltage of an integrated circuit receiving the out- 
put data from memory 10) plus an n-channel threshold 
voltage (considering that pull-up transistor 32 in output 
driver 20 is an n-channel device). At time t,, data termi- 
nals 28 begin switching to a new data state; in this ex- 
ample, the worst case condition is that where all (e.g., 
eighteen) data terminals 28 are to switch from a low logic 
level to a high logic level. As shown in Figure 5, once 
this switching begins as indicated by the voltage DQ be- 



gins rising, the voltages VOHREF and V^ dip, due to 
the significant source current required by output buffers 
21 on line VOHREF which pulls its voltage down. The 
voftage also drops at this time, since the current 

5 through transistor 50 is reduced to near zero (all of the 
current in the mirror leg being required by output buffers 
21), forcing transistor 48 to conduct virtually all of the 
current i B1AS . This additional conduction by transistor 48 
in turn drops the voltage at node V44. Time ^ indicates 

10 the end of the output transient, such that the source cur- 
rent demand begins decreasing, aitowing the voitage on 
line VOHREF to rise by operation of voltage reference 
and regulator 24. However, as noted above, because of 
the small size and diode configuration of transistor 44 

is required for the mirror ratio to be large enough to provide 
the source current required by output buffers 21 , the 
voltage at node V^ remains low for a significant time, 
and does not begin to rise (sfowfy) untii time t 3 . So fong 
as the voltage at node V^ remains below its steady- 

20 state value, which maintains transistors 44 and 46 
turned on strongly, the voltage at line VOHREF is al- 
lowed to rise, and indeed rises past its steady-state val- 
ue by a significant margin (Vqq). This rise in VOHREF 
past its desired value may then be reflected via output 

25 buffers 21 and output drivers 20 onto data terminals 28, 
indeed to the extent as to cause damage to a lower pow- 
er supply integrated circuit connected to data terminals 
28. 

[0073] Referring now to Figure 6, the operation of volt- 

30 age reference and regulator 24 for the example where 
the current i NULL is 2.5 mA is illustrated, based on sim- 
uiation of the same conditions as that shown in Figure 
5, and having the same time scale as Figure 5. As be- 
fore, the switching occurring at time t 1 causes the volt- 

35 ages VOH REF and V^ to drop. However, the additional 
current i NULL applied to the common drain node of tran- 
sistors 44, 46 assists in the charging of this node, and 
as a result the time t 3 at which voltage V^ begins to rise 
occurs much sooner after the initial switching time t v 

40 Since the voltage V^ begins to rise so quickly in this 
case, the voltage VOHREF is not allowed to overshoot 
its steady-state value by nearly as much, nor for nearly 
as long a time, as in the case of Figure 5 with i NULL = 0. 
Damage to low power supply integrated circuits con- 

45 nected to data terminals 28 is thus avoided. 

Dynamic Control of Bias Current 

[0074] As is evident from the foregoing description, it 
50 is desirable that the output impedance of voltage refer- 
ence and regulator 24 be as low as possible during such 
times as output buffers 21 and output drivers 20 will be 
switching the state of data terminals 28. This low output 
impedance allows for significant source and sink current 
55 to be provided by voltage reference and regulator 24, 
without significant modulation in the voltage VOHREF. 
However, such low output impedance requires that the 
DC current through voltage reference and regulator 24 



9 



17 



EP 0 718 977 B1 



18 



to be significant, thus causing significant steady-state 
power dissipation and the corresponding increase in 
temperature, decrease in reliability, and load on system 
power supplies, ail of which are undesirable. 
[0075] Referring now to Figure 7> the construction and 
operation of dynamic bias circuit 60, in controlling the 
bias current i BlAS within a memory access cycle, will now 
be described in detail. Dynamic bias circuit 60 is provid- 
ed as an optional function in voltage reference and reg- 
ulator 24, for purposes of reducing the steady-state cur- 
rent drawn thereby. As shown in Figure 7, dynamic bias 
circuit 60 receives clock signal C50, and applies it to the 
gate of n-channel transistor 72 via inverter 71 . Transis- 
tor 72 has its drain connected to node ISVR at the output 
of bias reference circuit 54 and at the gate of current 
source transistor 52, The source of transistor 72 is con- 
nected to the drain of n-channel transistor 74, which has 
its gate connected to node ISVR and it source biased to 
ground. 

[0076] In operation, so long as the clock signal C50 
remains high, transistor 72 will be off and dynamic bias 
circuit 60 will not affect the gate bias of transistor 52 nor 
the value of the current i B iAS conducted thereby. With 
clock signal C50 low, however, transistor 72 will be 
turned on and the voltage at the gate of transistor 52 wii) 
be reduced due to transistors 72, 74 pulling node ISVR 
toward ground and reducing the current conducted 
thereby. 

[0077] The extent to which the gate bias of transistor 
52 is reduced by dynamic bias 60 is determined by the 
size of transistor 74 relative to the size of transistor 64 
in bias reference circuit 54 and relative to the size of 
transistor 52, as will be apparent to those of ordinary 
skill in the art. This sizing can be readity determined, 
considering that the gate-to-source voltage of transistor 
74 will be the same as that of transistor 64 in bias ref- 
erence circuit 54. The drain-to-source voltage of tran- 
sistor 74 will be less than that of transistor 64, however, 
by the amount of the drain-to-source voltage of transis- 
tor 72 when turned on, which will typically be quite small, 
for example on the order of 1 00 mV. With both of tran- 
sistors 64, 74 in saturation, their drain currents will not 
be significantly affected by their drain-to-source voltag- 
es, and as such transistors 64, 74 may be considered 
to be in parallel with one another when transistor 72 is 
turned on. Since the current in transistor 52 mirrors that 
of transistor 64 (in parallel with transistor 74, when tran- 
sistor 72 is on), clock signal C50 controls the current 
'bias, which effectively changes the current mirror ration 
of transistor 64 to transistor 52. 
[0078] For example, in the case where the current 
•bias ,s t0 De reduced to 50% of its full value except 
during output switching, the channel width and channel 
length of transistors 64 and 74 will be the same, if the 
channel width and channel length of transistors 64 and 
52 are the same, as in this example. With transistor 72 
turned off, the current i B|AS will equal the current i^ 
through transistor 64 in bias reference circuit 54. With 



transistor 72 turned on (clock signal C50 low), as noted 
above, transistors 64, and 74 are effectively in parallel 
with each other and, in this example, have a channel 
width that is effectively twice that of transistor 52. The 
5 current mirror ratio is therefore one-half, since: 

W 5 2 1 

10 

where W 52> W M , W 74 are the channel widths of transis- 
tor 52, 64, 74 (channel lengths assumed to be equal). 
The sum + W 74 is the effective channel width of 
transistors 64 and 74 in parallel with one another. Ac- 
's cordingly, the current i BIAS is reduced by one-half during 
such time as clock signal C50 is low. 
[0079] Referring now to Figure 8, the operation of dy- 
namic bias circuit 60 and its affect on the bias current 
*bias witWn a memory access cycle will now be de- 

20 scribed. Time to illustrates the condition of memory 1 0 
at the end of a previous cycle, in the steady state. Data 
terminals DQ are presenting the output data value 
DATAq from the priorcycle. Clock C50 is low at this time, 
since output switching is not occurring. Accordingly, the 

25 current i BIAS is at one-half of its maximum value, since 
transistor 72 (Figure 7) is turned on by inverter 71 , plac- 
ing transistor 74 in parallel with transistor 64 of bias ref- 
erence circuitr 54, and thus reducing the mirror ratio of 
transistor 52. This reduces the current \ BlAS drawn by 

30 voltage reference and regulator 24 during times in the 
memory access cycle in which output switching is not 
expected, andthus during which only the prior data state 
(i.e., DAT 0 ) is being maintained. The output impedance 
of voltage reference and regulator 24 may be relatively 

35 high during this time, but the voltage on line VOHREF 
will be maintained at its correct steady-state level. 
[0080] At time t 1 , a new memory access cycle is initi- 
ated by input clock CLK going active; alternatively, for 
example in a fully static memory, clock CLK may corre- 

40 spond to an edge transition detection pulse generated 
by detection of a transition at address or data input ter- 
minals of the memory. Responsive to the leading edge 
of clock CLK, clock signal C50 is activated after a se- 
lected delay corresponding to a time safely short of the 

45 minimum expected read access time of the memory. 
Once clock signal C50 becomes active at time t 2 , tran- 
sistor 72 is then turned off by operation of inverter 71 . 
Accordingly, the current mirror ratio of transistor 52 is 
restored to its maximum value (unity, in this example) 

so prior to such time as the output buffers 21 and output 
drivers 20 begin driving data terminals 28 to a new data 
state {i.e., DATA}). After another delay time sufficient to 
ensure that the new data state DATA 1 is stable, clock 
signal C50 returns low, shown at time t 3 of Figure 8. This 

55 again turns on transistor 72, reducing i BIAS to 50% of its 
maximum value, in this example, and thus reducing the 
DC current drawn through voltage reference and regu- 
lator 24. 
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Adjustable bias current source 

[0081 ] Referring now to Figure 9, bias current source 
26' according to an alternative circuit will now be de- 
scribed in detail. Bias current source 26' provides for 
multiple levels of adjustment of the current l BIAS for volt- 
age reference and regulator 24, controllable either by 
clock signals as in the case of dynamic bias circuit 60 
described hereinabove, or by programming fuses. 
[0082] Bias current source 26' incorporates bias ref- 
erence circuit 54 and current source transistor 52, con- 
nected to voltage reference and regulator 24 as before. 
In addition, as described hereinabove relative to Figure 
7, transistors 72 and 74 are provided, to reduce the cur- 
rent i B!AS to 50% of its prior value when transistor 72 is 
turned on. In this case, however, the gate of transistor 
72 is controlled by NAND function 73 which receives 
clock signal C50 at one input, and which receives the 
output of fuse circuit 75 on node FEN50* at another in- 
put. 

[0083] Fuse circuit 75 provides for the programmabil- 
ity of the state of transistor 72 in a permanent fashion. 
Such programmability may be useful in the early stages 
of the design and manufacture of memory 10, when the 
optimum value of i BIAS has not yet been determined. In 
addition, programmability of the value of i B)AS is also de- 
sirable if the process variations in the manufacture of 
memory 1 0 vary widely enough that the optimum value 
of i BIAS is preferably set after initial test of the memory 
1 0. For example, if memory 1 0 is processed to have very 
short channel widths, the value of i B1AS may be prefer- 
ably reduced by programming fuse circuit 75 to maintain 
transistor 72 on at all times. Furthermore, one may pro- 
gram fuse circuit 75 to select a desired output stew rate. 
[0084] The construction of fuse circuit 75 may be ac- 
complished in any one of a number of conventional 
ways. The example of Figure 9 simply has fuse 76 con- 
nected between V cc and the input of inverter 77, which 
drives node FEN50* from its output. Transistors 78 and 
79 have their source/drain paths connected between th e 
input of inverter 77 and ground. The gate of transistor 
78 receives a power on reset signal POR, suchthattran- 
sistor 78 pulls the input of inverter 77 to ground upon 
power up of memory 1 0. The gate of transistor 78 is con- 
nected to the output of inverter 77 at node FEN50*. In 
operation, with fuse 76 intact, node FEN50* is held low 
by operation of inverter 77. With fuse 76 open, a pulse 
on line POR will pull the input of inverter 77 low, driving 
node FEN50* high, and turning on transistor 78 to main- 
tain this condition. 

[0085] In operation, the output of NAND function 73 
will be high if either clock signal C50 or node FEN50* is 
low. Accordingly, by not blowing fuse 76 open, node 
FEN50* will be held low, maintaining the output of NAND 
function 70 high and maintaining transistor 72 on uncon- 
ditionally. With fuse 76 opened, clock signal C50 will 
control the state of transistor 72 as in the case of Figure 
8 described hereinabove. 



[0086] Of course, it is contemplated that memory 1 0 
may be implemented without clock signal C50, such that 
the state of transistor 72 is dependent solely upon the 
programmed state of fuse circuit 75. 
5 [0087] Bias current source 26' according to this alter- 
native circuit also includes transistors 72\ 74' connected 
in series between node ISVR and ground, in similar 
fashion as transistors 72, 74 previously described. The 
gate of transistor 72 is similarly controlled by NAND 
10 function 73' , responsive to the state of clock signal C67 
and to fuse circuit 75' via node FEN67*. However, the 
size of transistor 74' is selected to be different from that 
of transistor 74 so that, when transistor 72* is turned on 
by either clock signal C67 or by fuse circuit 75', the cur- 
's rent i BIAS is selected to be at a different fraction of its 
maximum value. For example, if the channel width of 
transistor 74' is one-half that of transistor 52 and of tran- 
sistor 64 in bias reference circuit 54 (assuming the same 
channel length), then the effective channel width of the 
20 parallel combination of transistors 64, 74' will be 1 .5 
times the channel width of transistor 52. Accordingly, the 
value of ^3 with transistor 74' turned on will be two- 
thirds that of its maximum value with transistor 74' 
turned off. 

25 [0088] Of course, other transistors of varying sizes 
may be similarly implemented into bias current source 
26*, if different values of current \ BlAS are desired to be 
permanently programmed or clocked in at specific times 
of the memory cycle. In addition, for example, both of 

30 transistors 72, 72' may be simultaneously turned on to 
further reduce the current i BWS . It is contemplated that 
othercombinations of reduction In current will be appar- 
ent to those of ordinary skill in the art. 
[0089] According to this alternative circuit therefore, 

35 the value of the bias current \ BiAS may be optimized for 
the particular design, for individual memory circuits de- 
pending upon the process parameters as determined by 
electrical test, or at specific points In time during the 
memory cycle. This optimization allows optimization of 

40 the tradeoff between maximum source and sink current 
and minimum output impedance for voltage regulator 
and reference 24, on the one hand, and the current 
drawn by voltage regulator and reference 24, on the oth- 
er hand. In addition, the desired output slew rate may 

45 be selected in this optimization. 

Variable output V n H control 

[0090] According to another alternative circuit, se- 
50 lectability of the VOHREF limiting function is provided, 
either by way of a logic signal or by way of fuse program- 
mability. According to this embodiment of the invention, 
it is contemplated that not all memories of the same de- 
sign may be specified for use in combination with other 
55 integrated circuits using lower power supplies. For ex- 
ample, a subset of the memories may have a V OH max- 
imum of 5.0 volts, while a different subset may have a 
V OH maximum limited to 3 .3 volts. For purposes of man- 
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ufacturing ease and inventory control, it is preferable to 
have a single integrated circuit design suitable for use 
as either, where the decision between 5.0 volt or 3.3 volt 
V OH maximum may be made at the latest possible stage 
of the manufacturing process. In addition, the suitability 5 
of specific memory chips for 3.3 volt operation may de- 
pend on process parameters, such as current drive, 
such that certain memories may not meet the 3.3 volt 
operating specification even if the VOHREF limiting 
function is enabled, but would meet the operating spec- io 
ification for memories with 5.0 volt V OH maximum. In this 
case, it would be desirable to have selectability of the 
VOHREF limiting function after electrical test. 
[0091] Further in the alternative, it may be useful to 
have a special test mode for memory 10, In which the « 
VOHREF limiting function could be selectively enabled 
and disabled. 

[0092] Referring now to Figu re 1 0 , an embodiment of 
the invention is illustrated in which voltage reference 
and regulator 124 is similarly constructed as voltage ref- 
erence and regulator 24 described hereinabove, but 
may be disabled by way of an external signal, a special 
test mode signal, or programming of a fuse circuit. 
Those elements common to voltage reference and reg- 
ulator 24 and voltage reference and regulator 124 are 
referred to by the same reference numeral, and will not 
be described again relative to voltage reference and 
regulator 124 of Figure 10. 

[0093] In addition to the previously described ele- 
ments, voltage reference and regulator 124 includes p- 
channel transistors 82, 84, 89, and n-channel transistor 
86, which force certain nodes to V^ or to ground in the 
event that the VOHREF limiting function is to be disa- 
bled, as indicated by the output of NOR gate 80 as will 
be described hereinbelow. Each of p-channel transis- 
tors 82, 84, 89 has its source biased to V a , and its gate 
receiving line LIMOFF* from the output of NOR gate 80. 
The drain of transistor 82 is connected to the gates of 
transistors 44, 46 in the current mirror of voltage refer- 
ence and regulator 124, the drain of transistor 84 is con- 
nected to line VOHREF at the output of voltage refer- 
ence and regulator 124, and the drain of transistor B9 is 
connected to the input to bias reference circuit 54. N- 
channel transistor 86 has its drain connected to node 
ISVR in bias current source 26, has its source connect- 
ed to ground, and has its gate receiving signal LIMOFF*, 
after inversion by inverter 85. According to this embod- 
iment of the invention, pass gate 88 is provided between 
voltage PVBIAS and bias reference circuit 54, and is 
controlled by true and complement signals based on the 
signal LIMOFF*. 

[0094] In operation, if line LIMOFF* at the output of 
NOR function 80 is at a high logic level, transistors 82, 
84, 86, 89 are all turned off and pass gate 88 is turned 
on; in this case, voltage reference and regulator 124 op- 
erates to limit the voltage at line VOHREF in the manner 
described hereinabove for voltage reference and regu- 
lator 24. 



[0095] However, if line LIMOFP at the output of NOR 
function 80 is at a low logic level, transistors 82, 84, 86, 
89 are ail turned on and pass gate 88 is turned off. In 
this condition, line VOHREF is forced to 5.0 volts, and 
thus the drain voltage applied to output buffers 21 (and 
thus applied to the gate of pull-up transistors 32 in output 
drivers 20) is not limited to a reduced level. In order to 
minimize DC current drawn through voltage reference 
and regulator 124, certain nodes therein are also forced 
to particular voltages. In this example, the gates of tran- 
sistors 44, 46 are pulled to V^ by transistor 82, thus 
turning off both of the reference and mirror legs in volt- 
age reference and regulator 1 24. Pass gate 88 discon- 
nects voltage PVBIAS from bias reference circuit 54, 
transistor 89 pulls the input to bias reference circuit 54 
to V^, and transistor 86 pulls node ISVR to ground, thus 
turning off transistors 52 and 58. Of course, the output 
of NOR function 80 may also be applied to nodes within 
offset compensating current source 28, bias reference 
circuit 54, and the like, as desirable. 
[0096] In this example of the invention, NOR function 
80 receives three inputs, any one of which being at a 
high logic level will cause line LIMOFF* to be driven low. 
A first input is logic signal DIS, which may be generated 
elsewhere In memory 1 0, for example in timing and con- 
trol circuitry 14; for example, a certain combination of 
inputs or Instructions may be applied to memory 1 0 such 
that logic signal DIS is activated. A second input of NOR 
function 80, on node FDIS, is generated by fuse circuit 

90. Fuse circuit 90 is constructed as described herein- 
above relative to fuse circuit 75, such that node FDIS is 
at a low logic level with the fuse intact, and at a high 
logic level if the fuse is blown. 

[0097] According to this embodiment of the invention, 
a special test pad TP can also control the enabling and 
disabling of voltage reference and regulator 124 during 
electrical test in wafer form (i.e. , prior to packaging). Test 
pad TP is connected to the input of inverter 91, which 
drives node TDIS received as an input of NOR function 
80. Transistor 92 has its source/drain path connected 
between the input of inverter 91 and ground, and has its 
gate connected to node TDIS at the output of inverter 

91 . Transistor 93 has its source/drain path connected 
between the input of inverter91 and ground, and its gate 
controlled by the power on reset signal POR, 
[0098] In operation, if test pad TP is held at V^., in- 
verter 91 will force node TDIS low. However, if test pad 
TP is left open or is connected to ground, upon power 
up transistor 93 will pull the input of inverter 91 low, forc- 
ing a high logic level on node TDIS which is maintained 
through operation of transistor 92. it is contemplated 
that test pad TP can thus control the enabling and dis- 
abling of voltage reference and regulator 124 during 
electrical test. Depending upon the result of such test- 
ing, test pad TP may be wire-bonded to V cc if voltage 
reference and regulator 124 is to be permanently ena- 
bled, or left open (preferably hard-wired to ground) if 
voltage reference and regulator 1 24 is to be permanent- 
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ly disabled for a particular memory 10. 
[0099] Such selective enabling and disabling of the 
V OH limiting function of the voltage reference and regu- 
lator according to the present invention is contemplated 
to greatly improve the manufacturing control of integrat- 
ed circuits incorporating the function. In particular, inte- 
grated circuits corresponding to different specification 
limits may be manufactured from the same design with 
selection of the maximum V OH voltage made late in the 
process, after electrical test. In addition, as noted above, 
fuse programming may be used to adjust the voltage 
divider presenting the input voltage to the voltage refer- 
ence and regulator circuit, allowing additional tuning of 
the desired maximum V OH voltage. 
[0100] While the invention has been described herein 
relative to its preferred embodiments, it is of course con- 
templated that modifications of, and alternatives to, 
these embodiments, such modifications and alterna- 
tives obtaining the advantages and benefits of this in- 
vention, will be apparent to those of ordinary skill in the 
art having reference to this specification and its draw- 
ings. The scope of this invention is subsequently 
claimed herein. 



Claims 

1. An output driver circuit for an integrated circuit, 
comprising: 

a pull-up drive transistor (32), having a conduc- 
tion path coupled between a power supply volt- 
age (VCC) and an output terminal (28), and 
having a control electrode; 
circuitry (21 ) for limiting the drive of the pull-up 
drive transistor responsive to a bias voltage 
(VOHREF); and 

a voltage reference and regulator circuit (24) 
having an output node for producing the bias 
voltage, comprising: 

means (47,49) for generating a target volt- 
age based upon the power supply voltage; 
a differential amplifier (48,50) with current 
mirror load (44,46) having a reference leg 
(44,48) and a mirror leg (46,50), said refer- 
ence leg responding to the target voltage 
to conduct a first current, said mirror leg 
comprising a transistor having a source 
coupled to said power supply voltage and 
a drain defining said output node, said mir- 
ror teg conducting a mirrored current re- 
sponsive to the first current and deriving 
the bias voltage at said transistor drain 
based upon said mirrored current; 
a bias current source (52), coupled to the 
reference leg and the mirror leg of the cur- 
rent mirror, having an input coupled to a bi- 



as voltage input terminal for controlling the 
sum of the currents in the reference and 
mirror legs and thus the current source 
ability of the voltage reference and regula- 

5 tor circuit; and 

circuitry (80,84) responsive to a disable 
signal for selectably biasing said transistor 
drain to the power supply voltage, and a 
pull down transistor (86) having a control 

10 electrode coupled to receive said disable 

signal for simultaneously pulling said input 
of said bias current source to ground. 

2. An output driver as claimed in claim 1 , wherein the 
15 differential amplifier comprises a source-coupled 

pair, one of said pair (48) being disposed in said ref- 
erence leg and the other of said leg (50) being dis- 
posed in said mirror leg and wherein said voltage 
reference and regulator circuit (24) further compris- 
es es a threshold shift circuit (30) comprising a diode- 
connected transistor (56) connected between said 
drain of said mirror leg transistor (46) and the con- 
trol electrode of said other transistor (50) of said 
pair, the threshold shift circuit (30) further compris- 
es ing a second transistor (58) connecting said control 
electrode to earth, said second transistor of said 
threshold shift circuit (30) having a control electrode 
connected to said input of said bias current source 
(52) whereby said second transistor is disabled 
so when said bias current source is disabled. 

3. An output driver as claimed in claim 2, and further 
comprising a bias reference circuit (54) for generat- 
ing a bias reference voltage for said bias current 

35 source, said bias reference circuit having an input 
connected via a pass gate (88) to said bias voltage 
input terminal (PVB), said pass gate having a con- 
trol electrode operable to selectively disconnect the 
bias voltage input terminal (PVB) from the bias ref- 

40 erence circuit simultaneously with said pulling said 
input of said bias current source to ground. 

4. An output driver as claimed in claim 3, and further 
comprising a disable transistor (89) having a con- 

45 duction path connected between the input of the bi- 
as reference circuit (54) and the power supply volt- 
age. 

5. An output driver circuit as claimed in claim 1 , where- 
50 \n the current mirror further comprises a diode-con- 
nected P transistor (44) connected to the control 
electrode of said transistor (46) of said mirror leg, 
and further comprising a second disable transistor 
(82), a second disable transistor (82) being con- 

55 nected between said control electrode of said tran- 
sistor (46) of said mirror leg and a power supply volt- 
age, and having a control electrode coupled to re- 
ceive the disable signal. 
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6. The output driver circuit ot claim 1 , wherein the cir- 
cuitry for limiting the drive of the pull-up drive tran- 
sistor comprises an output buffer, having an input 
for receiving a data signal, and having an output 
connected to the control electrode with a puii-up 5 
drive transistor, said output buffer connected to re- 
ceive a bias voltage that it lower than the power sup- 
ply voltage. 

7. The output driver of claim 6, wherein the output buff- 10 
er comprises :- 

a pull-up buffer transistor having a conduction 
path connected between the bias voltage and 
the control electrode of the pull-up drive tran- '5 
sistor, and having a control electrode coupled 
to receive the data signal; 
a pull-down buffer transistor having a conduc- 
tion path connected between the control elec- 
trode of the pull-up drive transistor and the ref- 20 
erence voltage, and having a control electrode 
coupled to receive the data signal. 

8. The output driver circuit of claim 1 , wherein the dis- 
able signal is a clocked signal. 25 

9. The output driver circuit of claim 1 , further compris- 
ing: 

a fuse circuit for providing the disable signal 
responsvie to the state of a fuse. so 

10. A method of controlling a pull-up drive transistor 
(32) in an output driver to provide a high logic level 
output at an output terminal having a voltage less 
than a power supply voltage, comprising the steps 35 
of: 

receiving a limiting mode disable signal 
(LIMOFF) at a first state or at a second state; 
responsive to receiving said limiting mode dis- <o 
able signal (LIMOFF) at the first state, generat- 
ing at a circuit node (VOHREF) an output ref- 
erence voltage by controlling a current mirror 
leg (46,50), wherein the extent to which a tran- 
sistor (48) in the reference leg is conductive is 45 
controlled by a target voltage based on the 
power supply voltage, and wherein the current 
through the mirror leg defines the output refer- 
ence voltage; 

responsive to receiving the limiting mode disa- so 
ble signal (LIMOFF) at the second state, con- 
necting (84) the circuit node (VOHREF) to the 
power supply voltage; 

connecting the circuit node to a pull-up transis- 
tor (36) in an output bufferto provide a bias volt- ss 
age thereto; 

responsive to receiving a data input signal in- 
dicating that the output driver is to provide a 



high logic level output, and when the limiting 
mode disable signal is at the first state, turning 
on the pull-up transistor (36) in the output buffer 
to apply the output reference voltage to the con- 
trol electrode of the pull-up drive transistor (32); 
and 

responsive to receiving a data input signal in- 
dicating that the output driver is to provide a 
high logic level output, and when the limiting 
mode disable signal is at the second state, turn- 
ing on the pull-up transistor (36) in the output 
buffer to apply the power supply voltage to the 
control electrode of the pull-up drive transistor 
(32). 



Patentanspruche 

1. Treiberausgangsschaltung fur eine integrierte 
Schaltung, die aufweist; 

einen Anlauftreibertransistor (32), der einen 
Leiterpfad hat, der zwischen einer Leistungs- 
zufuhrspannung bzw. Netzteilzufuhrspannung 
(VCC) und einem Ausgangsanschluss (28) an- 
gekoppelt ist, und der eine Steuerelektrode hat; 
eine Schaltung (21), urn die Ansteuerung des 
Anlauftreibertransistors in Reaktion auf eine 
Vorspannung (VOHREF) zu begrenzen; und 
eine Bezugsspannungs- und Spannungsregel- 
schaltung (24), die einen Ausgangsknoten hat, 
urn die Vorspannung zu erzeugen, die aufweist: 

Mittel (47, 49), urn eine Vorgabe- bzw. Ziel- 
spannung auf der Grandlage der Lei- 
stun gszufuhr- bzw. -Netzteilspannung zu 
erzeugen; 

einen Differential verstarker (48, 50) mit ei- 
ner Stromspiegellast (44, 46), die einen 
Bezugsast (44, 48) und einen Spiegelast 
(46, 50) hat, wobei der Bezugsast- bzw. - 
zweig auf die Vorgabe- bzw. Zielspannung 
anspricht, urn einen ersten Strom zu leiten, 
wobei der Spiegelast bzw. -zweig einen 
Transistor aufweist, der eine Source hat, 
die an die Leistungszufuhr- bzw. Netzteil- 
spannung angekoppelt ist, und eine Drain 
hat, die den Ausgangsknoten festlegt, wo- 
bei der Spiegelast einen gespiegelten 
Strom in Reaktion auf den ersten Strom lei- 
tet und die Vorspannung an der drain des 
Transistors auf der Grundlage des gespie- 
gelten Stromes erhalten wird; 
eine Vormagnetisierungsstromquelle (52), 
die an den Bezugsast und den Spiegelast 
des Stromspiegels angekoppelt ist, die ei- 
nen Eingang hat, der an den Vorspan- 
nungseingangsanschluss angekoppelt ist, 
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urn die Summe der Strdme in dem Bezugs- 
bzw. Referenz- und dem Spiegelast und 
folgtich die Stromquellenleistung der 
Spannungsreferenz- und Spannungsre- 
gelschaitung zu steuern; und 5 
eine Schaltung (80, 84), die auf ein Sperr- 
signal reagiert, um auswahlbar die Drain 
des Transistors auf die Leistungszufuhr- 
bzw. Netzteilspannung vorzuspannen, und 
einen Ansschalttransistor (86), der eine 10 
Steuerelektrode hat, die angekoppelt ist, 
um das Sperrsignal zu empfangen, um 
gleichzettig den Eingang der Vormagneti- 
sierungsstromquelle auf das Erdpotential 
zu bringen. is 

Ausgangstreiber nach Anspruch 1 , wobei der Diffe- 
rentialverstarker ein Paar aufwelst, deren Sources 
gekoppeltsind, wobei einerdes Paares (48) in dem 
Bezugsast angeordnet ist und der andere von dem 20 
Ast (50) in dem Spiegelast angeordnet ist, und wo- 
bei die Bezugsspannungs- und Spannungsregel- 
schaitung (24) femer aufweist, eine Schwellenwert- 
verstellungsschaitung (30), die aufweist, eine Di- 
ode, die an einen Transistor (56) angeschlossen ist, 25 
der zwischen der Drain des Spiegelasttransistors 
(46) und der Steuerelektrode des anderen Transi- 
stors (50) des Paares angeschlossen ist, wobei die 
Schwellenwertverstellschaltung (30) ferner auf- 
weist, einen zweiten Transistor (58), der die Steu- 30 
erelektrode an das Erdpotential anschlieBt, wobei 
der zweite Transistor der Schwellenwertverschie- 
beschaltung (30) eine Steuerelektrode hat, die an 
den Eingang der Vormagnetisierungsstromquelle 
(52) angeschlossen ist, wodurch der zweite Transi- 35 
stor gesperrt wird, wenn die Vormagnetisierungs- 
stromquelle gesperrt ist. 

Ausgangstreiber nach Anspruch 2, wobei dieser 
ferner aufweist, eine Vorspannungs- bzw. Vorbela- 40 
stungsbezugsschaltung (54), um eine Vorbezugs- 
spannung fur die Vormagnetisierungsstromquelle 
zu erzeugen, wobei die Vorspannungs- bzw, Vorbe- 
lastungsreferenzschaltung einen Eingang hat, der 
uber ein Durchgangsgatter (88) an den Vorspan- « 
nungseingangsanschluss (PVB) angeschlossen 
ist, wobei das Durchgangsgatter eine Steuerelek- 
trode hat, die betreibbar ist, um wahlweise den Vor- 
spannungseingangsanschluss (PVB) von der Vor- 
spannungs- bzw. Vorbelastungsbezugsschaltung so 
gleichzeitig mit dem Ansteuern bzw. Anschalten der 
Vormagnetisierungsstromquelle auf das Erdpoten- 
tial abzuschalten bzw, abzukoppeln. 

Ausgangstreiber nach Anspruch 3, der ferner auf- 55 
weist, einen Ausschalt- bzw. Sperrtransistor (39), 
der einen Leiterpfad hat, der zwischen dem Ein- 
gang der Vorspannungsbezugsschaltung (54) und 



der Leistungszufuhr- bzw. Netzteilspannung ange- 
schlossen ist. 

5. Ausgangstreiberschaltung nach Anspruch 1 , wobei 
der Stromspiegel ferner einen an eine Diode ange- 
schlossenen P-Transistor (44) aufweist, der an die 
Steuerelektrode des Transistors (46) des Spiegela- 
stes angeschlossen ist, und ferner aufweist, einen 
zweiten Ausschalt- bzw. Sperrtransistor (82), wobei 
ein zweiter Ausschalt- bzw. Sperrtransistor (82) 
zwischen der Steuerelektrode des Transistors (46) 
des Spiegelastes und einer Leistungszufuhr- bzw. 
Netzteilspannung angeschlossen ist, und der eine 
Steuerelektrode hat, die angekoppelt ist, um das 
Ausschalt- bzw. Sperrsignal zu empfangen. 

6. Ausgangstreiberschaltung nach Anspruch 1 , wobei 
die Schaltung zum Begrenzen der Ansteuerung 
bzw. des Antriebes des Anlauftreibertransistors 
aufweist, einen Ausgangspuffer, der einen Eingang 
zum Empfangen eines Datensignals hat, und der 
einen Ausgang hat, der an die Steuerelektrode mit 
einem Adauflreibertransistor angeschlossen ist, 
wobei der Ausgangspuffer angeschlossen ist, um 
ein Vorspannungssignal zu empfangen, das niedri- 
ger als die Leistungszufuhr bzw. Netzteilspannung 
ist. 

7. Ausgangstreiber nach Anspruch 6, wobei der Aus- 
gangspuffer aufweist: 

einen Pufferanlauftransistor, der einen Lei- 
tungspfad hat, der zwischen der Vorspannung 
und der Steuerelektrode des Anlauftreibertran- 
sistors angeschtossen ist, und der eine Steuer- 
elektrode hat, die angekoppelt ist, um das Da- 
tensignal zu empfangen, 
einen Pufferbrems- bzw. -ausschalttransistor, 
der einen Leiterpfad hat, der zwischen der 
Steuerelektrode des Anlauftreibertransistors 
und der Bezugsspannung angeschlossen ist 
und der eine Steuerelektrode hat, die angekop- 
pelt ist, um das Datensignal zu empfangen. 

8. Ausgangstreiberschaltung nach Anspruch 1 , wobei 
das Sperrsignal ein getaktetes Signal ist. 

9. Ausgangstreiberschaltung nach Anspruch 1, die 
ferner aufweist: 

eine Sicherungsschaltung, um das Sperrsignal 
in Reaktion auf den Zustand einer Sicherung 
bzw. Schmelzsicherung zur Verfugung zu stel- 
len. 

10. Verfahren zum Steuern eines Anlauftreibertransi- 
stors (32) in einem Ausgangstreiber, um einen ho- 
hen logischen Ausgangspegel an einem Ausgangs- 
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anschluss zur Verfiigung zu stellen, der eine Span- 
nung hat, die niedriger als eine Leistungszufuhr- 
bzw, Netzteilspannung ist, das die Schritte auf- 
weist: 

5 

ein Begrenzungsmodus-Sperrsignal (LIMOFF) 
wird in einem ersten Zustand oder in einem 
zweiten Zustand empfangen; 
in Reaktion auf den Empfang des Begren- 
zungsmodus-Sperrsignals (LIMOFF) in dem w 
ersten Zustand wird an einem Schaftungskno- 
ten (VOHREF) eine Bezugsausgangsspan- 
nung erzeugt, indem ein Stromspiegelast bzw. 
-zweig (46, 50) gesteuert wird, wobei das Aus- 
mafj, in dem ein Transistor (48) in dem Bezug- is 
sast bzw. -zweig leitend ist, durch eine Vorga- 
be- bzw. Zielspannung auf der Grundlage der 
Leistungszufuhr- bzw. Netzteilspannung ge- 
steuert wind, und wobei der Strom durch den 
Spiegelast die Ausgangsbezugsspannung be- 20 
stimmt; 

in Reaktion auf den Empfang des Begren- 
zungsmodus-Sperrsignals (LIMOFF) in dem 
zweiten Zustand wird der Schaltungsknoten 
(VOHREF) an die Leistungszufuhr- bzw. Netz- 25 
teilspannung angeschlossen (84); 
der Schaltungsknoten wird an den Anlauftran- 
sistor (36) in einem Ausgangspuffer ange- 
schlossen, urn eine Vorspannungdafurzur Ver- 
fugung zu stellen; 30 
in Reaktion auf den Empfang eines Datenein- 
gangssignals, das anzeigt, dass der Ansgang- 
stretber dazu in der Lage ist, um einen Ausgang 
mjt hohem logischem Pegel zur Verfugung zu 
stellen, und wenn das Begrenzungsmodus- 35 
Sperrsignal in dem ersten Zustand ist, wird der 
Anlauftransistor (36) in dem Ausgangspuffer 
eingeschaltet, um die Ausgangsbezugsspan- 
nung an die Steuerelektrode des Anlauftreiber- 
transistors (32) anzulegen; und *o 
in Reaktion auf den Empfang eines Datenein- 
gangssignals, das anzeigt, dass der Ausgang- 
streiber in der Lage ist, um einen Ausgang mit 
hohem logischem Pegel zur Verfugung zu stel- 
len, und wenn das Begrenzungsmodus-Sperr- *s 
signal in dem zweiten Zustand ist, wird der An- 
lauftransistor (36) in dem Ausgangspuffer ein- 
geschaltet, um die Leistungszufuhr bzw. Netz- 
teilspannung an die Steuerelektrode des Anl- 
auftreibertransistors (32) anzulegen. so 



Revendications 

1. Circuit amplificateur de sortie pour un circuit, Inte- 
gra comprenant : 

un transistor pilote de mise a niveau haut (32) 



ayant un trajet de conduction couple entre une 
tension d'alimentation (VCC) et une borne de 
sortie (28) et ayant une electrode de 
commande ; 

u n circuit (21 ) pour limiter la commande du tran- 
sistor pilote de mise a niveau haut en reponse 
a une tension de polarisation (VOHREF) ; et 
un circuit de reference de tension et de regula- 
teur (24) ayant un noeud de sortie pour produi re 
la tension de polarisation, comprenant : 

un moyen (47, 49) pour produire une ten- 
sion cible sur la base de la tension 
d'alimentation ; 

un amplificateur differentiel (48, 50) avec 
une charge en miroir de courant (44, 46) 
ayant une branche de reference (44, 48) et 
une branche de duplication (46, 50), la 
branche de reference agissant en reponse 
a la tension cible pour conduire un premier 
courant, la branche de duplication compre- 
nant un transistor ayant une source cou- 
plee a la tension d'alimentation et un drain 
definissant le noeud de sortie, la branche 
de duplication conduisant un courant dupli- 
que en reponse au premier courant etfour- 
nissant la tension de polarisation au drain 
du transistor sur la base du courant 
reproduit ; 

une source de courant de polarisation (52), 
couplee a la branche de reference et a la 
branche de duplication du miroir de cou- 
rant, ayant une entree couplee a une borne 
d' entree de tension de polarisation pour 
commander la somme des courants dans 
les branches de reference et de duplication 
et done la capacite de fourniture de courant 
du circuit de reference de tension et de 
regulateur; et 

un circuit (80, 84) sensible a un signal d'in- 
validation pour polariser de facon selec- 
tionnable le drain du transistor a la tension 
d'alimentation, et un transistor de mise a 
niveau bas (86) ayant une electrode de 
commande couplee pour recevoir le signal 
d'invalidationpourtirersimultanementl'en- 
tree de la source de courant de polarisation 
a la masse. 

2. Amplificateur de sortie selon la revendication 1, 
dans iequel r amplificateur differentiel comprend 
une paire de transistors a sources couplees, I'un 
des deux transistors (48) etant dispose dans la 
branche de reference et I'autre des deux transistors 
(50) etant dispose dans la branche de duplication, 
et dans Iequel le circuit de reference de tension et 
de regulateur (24) comprend en outre un circuit de 
decalage de seuil (30) comprenant un transistor 
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connects en diode (56) dispose entre le drain du 
transistor de la branche de duplication (46) et I'elec- 
trode de commande de I'autre transistor (50) de la- 
dite paire, le circuit de decalage de seui! (30) com- 
prenant un second transistor (58) connectant I'elec- 
trode de commande a la masse, le second transis- 
tor du circuit de decalage de seuil (30) ayant une 
electrode de commande connectee a I'entree de la 
source de courant de polarisation (52), d'ou il resul- 
te que le second transistor est invalide quand la 
source de courant de polarisation est invalidee. 

3. Amplificateur de sortie selon la revendication 2, 
comprenant en outre un circuit de reference de po- 
larisation (54) pourproduire une tension de referen- 
ce de polarisation pour la source de courant de po- 
larisation, le circuit de reference de polarisation 
ayant une entree connectee par lintermediaire 
d'une porte de selection (88) a la borne d'entree de 
tension de polarisation (PVB), la porte de selection 
ayant une electrode de commande actionnable 
pour deconnecter selectivement la borne d'entr6e 
de tension de polarisation (PVB) du circuit de refe- 
rence de polarisation en mdme temps que Ton ame- 
ne I'entree de la source de courant de polarisation 
a la masse. 

4. Amplificateur de sortie selon la revendication 3, 
comprenant en outre un transistor d'invalidation 
(89) ayant un trajet de conduction connecte entre 
i'entree du circuit de reference de polarisation (54) 
et la tension d'alimentation. 

5. Circuit amplificateur de sortie selon ia revendication 
1 , dans lequel le miroir de courant comprend en 
outre un transistor a canal P connects en diode (44) 
connecte a I'electrode de commande du transistor 
(46) de la branche de duplication, et comprenant en 
outre un second transistor d'invalidation (82), un se- 
cond transistor d'invalidation (82) etant connecte 
entre I'electrode de commande du transistor (46) de 
la branche de duplication et une tension d'alimen- 
tation, et ayant une electrode de commande cou- 
plee pour recevoir le signal d'invalidation. 

6. Circuit amplificateur de sortie selon la revendication 
1 , dans lequel le circuit pour limiter la commande 
du transistor pilote de mise a niveau haut comprend 
un tampon de sortie ayant une entr6e pour recevoir 
un signal de donnees et ayant une sortie connectee 
a I'electrode de commande par un transistor pilote 
de mise a niveau haut, le tampon de sortie etant 
connecte pour recevoir un tension de polarisation 
inferieure a la tension d'alimentation. 

7. Amplificateur de sortie selon la revendication 6, 
dans lequel le tampon de sortie comprend : 



un transistor tampon de mise a niveau haut 
ayant un trajet de conduction connecte entre la 
tension de polarisation et Electrode de com- 
mande du transistor pilote de mise a niveau 

5 haut et ayant une electrode de commande cou- 

ple pour recevoir le signal de donnees ; 
un transistor tampon de mise a niveau bas 
ayant un trajet de conduction connecte entre 
I'electrode de commande du transistor pilote de 

10 mise a niveau haut et la tension de reference, 

et ayant une electrode de commande couplee 
pour recevoir le signal de donnees. 

8. Circuit amplificateur de sortie selon la revendication 
15 1 , dans lequel le signal d'invalidation est un signal 

soumis a une horloge. 

9. Circuit amplificateur de sortie selon la revendication 
1 , comprenant en outre un circuit fusible pourfour- 

20 nir le signal d'invalidation en reponse a V6tat d'un 
fusible. 

10. Procede de commande d'un transistor pilote de mi- 
se a niveau haut (32) dans un amplificateur de sor- 

25 tie pour fournir une sortie a niveau (ogique haut a 
une borne de sortie ayant une tension inferieure a 
une tension d'alimentation, comprenant les etapes 
suivantes : 

30 recevoir un signal d'invalidation dans un mode 

de limitation (LIMOFF) a un premier etat ou a 
un second etat ; 

en reponse a la reception du signal d'invalida- 
tion en mode de limitation (LIMOFF) au premier 

35 etat, produire sur un noeud du circuit (VO- 

HREF) une tension de reference de sortie en 
commandant une branche de duplication de 
courant (46, 50), dans lequel la quantite selon 
laquelle un transistor (48) dans la branche de 

40 reference est conducteur est commandee par 

une tension cible basee sur la tension d'alimen- 
tation et dans lequel le courant dans la branche 
de duplication def init la tension de reference de 
sortie ; 

45 en reponse a la reception du signal d'invalida- 

tion en mode de limitation (LIMOFF) au second 
etat, connecter (84) le noeud de circuit (VO- 
HREF) a la tension d'alimentation ; 
connecter le noeud de circuit a un transistor de 

50 m ise a n iveau haut (36) dans le tampon de sor- 

tie pour lui fournir une tension de polarisation ; 
en reponse a la reception d'un signal d'entree 
de donnees indiquant que I'ampKficateur de 
sortie doit fournir une sortie a niveau logique 

55 haut, et quand le signal d'invalidation en mode 

limitation est dans le premier etat, rendre pas- 
sant le transistor de mise a niveau haut (36) 
dans le tampon de sortie pour appliquer la ten- 
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sion de reference de sortie a I'electrode de 
commande du transistor pilote de mise a ni- 
veau haut (32) ; et 

en reponse a la reception d'un signal d'entree 
de donnees indiquant que I'amplificateur de 5 
sortie doit foumir une sortie a niveau logique 
haut, et quand le signal d'invalidation en mode 
de limitation est dans le second etat, rendre 
passant le transistor de mise a niveau haut (36) 
dans le tampon de sortie pour appliquer la ten- io 
sion d'alimentation a Pelectrode de commande 
du transistor pilote de mise a niveau haut (32). 
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